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Synthesis of deazariboflavin (dRf)
The synthesis of 5-deazariboflavin was carried out following and adapting the procedure established by Foss Jr. and co-workers. [2] 
Synthesis of 3,4-dimethyl-N-D-ribitylaniline:
3,4-Dimethylaniline 1 (3.14 g, 26 mmol) was dissolved in anhydrous methanol (150 mL), sodium cyanoborohydride (NaCNBH 3 ) (3.11 g, 2 equiv.), followed by addition of D-ribose (11.2 g, 74.3 mmol) under stirring. The reaction mixture was further stirred under reflux for 48 hrs. The solvent was removed under reduced pressure, the residue was re-dissolved in 1M HCl (50 mL), swirled until gas evolution caused. The solution was carefully neutralised with an saturated solution of sodium bicarbonate, extracted with EtOAc (6 × 50 mL), washed with brine, dried with MgSO 4 , and the solvent was removed under reduced pressure. Recrystallization of the solid product from absolute ethanol gave N-ribitylaniline as a white crystalline solid. hydrous N,N-dimethyl formamide (DMF) (5 mL, 65 mmol) was added dropwise to the stirred solution of barbituric acid (8.45 g, 66 mmol) in phosphorus oxichloride (POCl 3 ) (40 mL, 429 mmol) at 0 o C for 1h. the reaction mixture was followed by reflux for 16 hrs. at 130 ºC. The solvent was removed under reduced pressure, the thick residue was poured into ice-water and stirred to form a solid product, the crude product was collected by filtration and purified by flash chromatography with an eluent (Hexane:EtOAc, 9:1) to provide white solid (9.7 g, 70 %). 
Synthesis of 6-chloropyrimidine-5-carbaldehyde:
A mixture of 2,4,6-trichloropyrimidine-5-carbaldehyde 3 (1g, 4.73 mmol) and K 2 CO 3 (0.650 g, 4.73 mmol) were added to 40 mL of ethanol:water mixture (2:1) and the solution was stirred for 4 hrs. at room temperature. The reaction mixture was neutralized with conc. acetic acid (4-5 drops) and the reaction was concentrated to 10 mL by rotary evaporation and kept at 4 ºC for 2 days. The compound was isolated as white solid by filtration (0.760 g, 91%).
H NMR (400 MHz, [D 6 ]DMSO): δ 10.03 (s, 1H).

Synthesis of 5-deazariboflavin:
A mixture of 3,4-dimethyl-N-D-ribitylaniline 2 (1.02 g, 2.9 mmol) and 6-chloropyrimidine-5-carbaldehyde 4 (0.31 g, 1.8 mmol) were mixed in 10 mL of anhydrous N,Ndimethylformamide. The reaction mixture was stirred under reflux at 130 ºC for 3 hrs and then the reaction mixture was cooled to room temperature. Diethyl ether 20 mL was added with stirring for 1 h and kept in freezer overnight. The compound was collected by filtration and recrystallized from water to form yellow solid powder (457 mg, 70%). 
Preparation of the biocatalysts PDR Bacterial strains and plasmids
The plasmid pETM6 containing the gene encoding putidaredoxin reductase (PDR) was transformed into E. coli C43(DE3) by electroporation method using 40 µL competent cells and approximately 100 ng plasmid (1.6 kV; 200 Ω; 25 µF). Transformed cells were grown for 1 h at 37 °C in LB without antibiotics. 100 µL were plated out on a LB plate containing ampicillin and incubated overnight at 37 °C. A colony was picked and a pre-culture was grown over night at 37°C. Gylcerol stocks C43(DE3)-PDR containing 15% glycerol were prepared from the pre-culture.
Cultivation conditions
LB (Lysogeny broth) supplied with the appropriate antibiotic (ampicillin) was inoculated with 1%(v/v) of E. coli C43(DE3)-PDR (glycerol stock). Cells were grown for 3 h at 37 °C and subsequently induced with 0.2 mM isopropyl-β-D-thiogalactopyranoside (IPTG). After induction cultivation was continued for 24 h at 25°C. Cells were harvested by centrifugation at 8000 rpm for 10 minutes at 4°C.
PDR purification
Bacteria were resuspended in 100 mL buffer (50 mM phosphate pH 7.4), supplemented with lysozyme (2mg/mL) and DNAseI. After 0.5 hour of incubation, cells were sonicated and debris was removed by centrifugation at 10000 rpm for 0.5 hours. PDR was purified in one single step using a HPLC system. The separation was performed on a Q Sepharose FF 30-mL cartridge at a flow rate of 5 mL min -1
. After 90 mL, the retained proteins were eluted with a 0-25% NaCl gradient in 150 mL and 100% NaCl in 90 mL. The appropriate fractions were pooled, concentrated and dialysed against 50 mM phosphate (pH 7.4). The purification of the PDR was confirmed by sodium dodecyl sulfate (SDS)-PAGE in 12% gels stained with Coomassie brilliant blue R-250 (Sigma). The protein quantification was based on the absorbance of the protein at 378 nm (Ɛ 378 : 9.7 mM 
ADH-A Bacterial strains and plasmids
The expression construct, pET15b-ADH-A, was transformed into chemically competent E. coli BL21(DE3). 50 µL competent cells and approximately 100 ng plasmid used. Transformed cells were grown for 1 h at 37 °C in LB without antibiotics. 100 µL were plated out on a LB plate containing ampicillin and incubated overnight at 37 °C. A colony was picked and a preculture was grown over night at 37°C. Glycerol stocks E. coli BL21(DE3)-ADH-A containing 15% glycerol were prepared from the pre-culture.
Cultivation conditions
Expression was carried out in 2x YT media (1.6% (w/v) tryptone, 1.0% (w/v) yeast extract, 0.5% (w/v)NaCl) containing 50 µg/mL ampicillin, cells were incubated at 30 °C until an OD 600 of 0.4 was reached. Expressions of the ADH-A was induced by addition of 1 mM IPTG. The culture was incubated for additional 5 h at 30 °C. Cells were harvested by centrifugation at 8000 rpm for 10 min at 4°C.
ADH-A purification
Bacteria were resuspended in 20 mL Binding Buffer (20 mM sodium phosphate, 20 mM imidazole, 500 mM NaCl, 0.02% sodium azide, pH 7.5) fortified with protease inhibitors, lysozyme (2mg/mL) and DNaseI. Cells were lysed using a Cell disruptor and debris was removed by centrifugation at 15000 rpm for 1 h at 4°C. Protein was purified using an Ni 2+ column, being eluated in the presence of 20 mM sodium phosphate, 500 mM imidazole, 500 mM NaCl, 0.02% sodium azide, pH 7.5.
General procedures
Light-driven NADH recycling was performed in 25 mL glass reaction tubes containing 5 mL reaction mixture. The reactions were illuminated from all sides by a LED light source at a distance of 2 cm. Reactions were gently stirred using Teflon coated magnetic bars. Temperature was maintained at 30°C using a jacketed beaker and a thermostat. Anaerobic atmosphere was achieved by bubbling solutions with N 2 for 30 min. Subsequently, the atmosphere was maintained by a N 2 filled balloon via needle and septum. Standard reaction conditions for the light-driven regeneration of NADH were 60 µM dRf, 20 mM EDTA, 1-5 µM PDR, and 2 mM NAD + in 50 mM Tris buffer at pH 8.0.
PDR characterisation experiments were performed in an anaerobic chamber (on average 98% N 2 , 2% H 2 ) with oxygen levels below ppm levels. Reactions were conducted in 1.5 mL glass vials with 1 mL total volume. The reactions were illuminated from all sides by a LED light source at a distance of 10 cm and gently stirred using Teflon coated magnetic bars.
Two pot ketoreductions were performed to investigate the enzymatic activity of the formed NADH. To do this, the light-driven NADH formation in the first pot was coupled to a subsequent second pot reaction, fuelling the alcohol dehydrogenase ADH-A from Rhodococcus ruber DSM 44541 with the formed NADH. To assess the ratio of enzymatically active NADH formed, 400 µL of sample were taken from the first pot. Using 200 µL of the sample the NADH concentration was determined via UV. Additionally, 200 µL of the sample were incubated with 2 µL ADH-A for 15 min to perform the ketoreduction. Product (ethyl 3-hydroxybutyrate) and substrate (ethyl acetoacetate) concentrations of the ADH-A catalysed ketoreduction were determined using gas chromatography.
Simultaneous ketoreduction was performed in the same manner as the light-driven NADH recycling described above, with the addition of 0.6 U of ADH-A and 10 mM of the appropriate substrate. Reaction time for the substrate comparison reactions was 5 h. Product and substrate concentrations of the ADH-A catalysed ketoreduction were determined using gas chromatography. 
